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ABSTRACT
The Cripple Creek district consists of a deeplyeroded, breccia-filled volcanic subsidence basin.

Subsi

dence of the basin occurred along fissures formed by
fracturing during the Laramide orogeny.

The material

filling the crater probably developed first as fissure
flows.

Erosion of the volcanics formed the material now

filling the basin.

Volcanic activity was accompanied by

intrusion of numerous sills, dikes, and stocks of several
different rock types into the breccia and surrounding
granite, punctuated by occasional explosive activity.

The

majority of the mines in the district lie within the
volcanic center; however, a few important ones, most
notably the El Paso gold mine, lie outside in the sur
rounding granite.
The major structural control in that part of the
district where the El Paso mine is situated is the northnortheast trending El Paso master shear zone.

This shear

zone influenced the outline of the main volcanic center
and the emplacement of the Beacon Hill phonolite plug, a
small volcanic crater.

Many of the individual shears are

mineralized and form the veins in the El Paso vein system.
The underground geology of the El Paso mine is
characterized by a number of parallel veins along shear
zones trending north-northeast and a tension fracture
trending east-northeast to east which formed at an acute
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angle to the shears.

Numerous phonolite sills and dikes

occur, many of which are clearly related to the Beacon
Hill phonolite plug.

The principal contribution of this

thesis research has been to map those igneous bodies and
veins in the portions of the El Paso mine currently acces
sible.

A number of phonolite bodies are irregular in

shape and appear to have been emplaced partly by assimila
tion of the enclosing granite.
The major controls for ore deposition in the El Paso
mine are junctions of veins.

The intersections of veins

with phonolite bodies also constitute very favored loci.
Areas where veins show a curvature or change in dip may
locally contain ore enrichments.
The primary ore minerals which have been mined are
the gold tellurides, particularly calaverite and sylvanite.
A secondary aspect of this thesis research involved ore
microscopic examination of selected ore specimens.
Calaverite and sylvanite occur as bladed crystals filling
fractures or lining open fissures and vugs.

Where they

are oxidized they show replacement rims of a fine grained
mixture of tellurite (tellurium oxide) and free gold.
Pyrite and sphalerite are the most common sulfides
accompanying the ores.

Sphalerite and galena exhibit

emulsion textures with chalcopyrite and bournonite blebs
respectively.

Pyrite locally replaced sphalerite, and

bournonite commonly replaced galena.

Other minerals
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observed in polished sections include tennantite,
enargite, molybdenite, and two unidentified minerals.
The third purpose of this thesis research involved
the determination of fluid inclusion homogenization tem
peratures for El Paso fluorite and barite.

Fluorite

yielded a temperature range of 178°C to 190°C.

Tempera

tures determined for barite fall into two temperature
ranges, a lower one of 162°C to 181°C and an upper
range of 248°C to 261°C.

Because vein textures indicate

that deposition of fluorite followed that of barite,
fluid inclusion geothermometry indicates a decrease in
temperature during the deposition of those two minerals.
The lower temperature range determined for barite occurs
in secondary inclusions formed during or shortly after
deposition of fluorite.

The temperatures determined

conform to those of epithermal deposits.
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I.
A.

INTRODUCTION

LOCATION AND DISCOVERY OF THE CRIPPLE CREEK MINING
DISTRICT
The Cripple Creek mining district is located about

twenty miles southwest of Colorado Springs in Teller
County, Colorado

(Fig. 1).

It is situated along the

southwest flanks of Pike's Peak near the southern end of
the Front Range at an altitude of approximately 10,000
feet above sea level.
Although a gold rush occurred in the Pike's Peak
area in 1859, no important discoveries were made at that
time.

Subsequently, prospectors drifted through the area

and in 1874 gold was reported discovered on Mount Pisgah,
a knob like hill to the west of Cripple Creek.

Because

no significant discoveries followed, the area had gained
a bad reputation.

However, in 1878 an itinerant rancher

and prospector, Robert Womack, discovered rich float
material and located his first rich claim in 1890.
The area continued to be relatively unnoticed until
in 1891 W. S. Stratton, a Colorado Springs carpenter,
sampled an unlikely looking granite outcrop and found it
to assay over $300 per ton in gold.
immediately followed.

A gold rush

The location of the Stratton claim

became the famous Independence mine, one of the largest
and richest in the Cripple Creek district.

EX PLA N A TIO N

E53

Basalt breccia

V?.
m

Trochydolerite sill

Phonolite

Syenite

EiHH
Breccia

i.^ /l

Mostly Pikes Peak Granite
with aplite and pegmatite

Contact

Outline of volcanic
subsidence basin
and two islands
of granitic rock

Cripple Creek Granite

Gneiss and schist

Latlte-phonolite

Figure 1.

Index and geologic map of the Cripple Creek
district from Kleinkopf, Peterson, and Gott
(1970).
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B.

PRODUCTION FROM THE CRIPPLE CREEK DISTRICT
Production from the Cripple Creek district, although

rather large, was quite variable from year to year.

Labor

problems, government restrictions, depletion of the
deposits as well as some positive economic factors all
played a role in production.
duction trends.

Table I outlines the pro

Values recorded here prior to 1906 are

figures given by the United States Mint and tend to be
somewhat lower than mine or mill reports.
Production and growth of the district increased very
rapidly from $449 in 1891 to over $2,000,000 in 1893.
Labor problems in 1894 restricted output for that year,
but from 1895 to 1900 output increased tremendously.

The

maximum production from the Cripple Creek district was
reached in 1900 when 878,067 ounces of gold valued from
$18,037,539 (Lindgren and Ransome, 1906) to $18,149,645
(Koschmann, 1949) was produced.

Output generally

declined thereafter, most notably in 1903 when labor
problems again arose.
During the great depression, production again
increased during the years from 1930 to 1933.

In late

1933, the price of gold rose from $20.67 an ounce to
$35.00 an ounce.

This price increase resulted in a pro

duction increase from 109,185 ounces in 1933 to 145,245
ounces in 1938.

Production again declined until 1941 when

the deep Carlton drainage tunnel was driven as a public
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TABLE I
Production of Gold and Silver
in the Cripple Creek District
GOLD
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905

$

449
583,010
2,010,367
2,908,702
6,879,137
7,512,911
10,139,709
13,507,244
15,658,254
18,073,539
17,261,579
16,912,783
12,967,338
14,499,529
15,742,344

SILVER (Fine Oz.)
*
*
5,019
25,900
70,448
60,864
57,297
68,195
82,520
80,166
90,884
62,690
42,210
55,790
35,643

1911

10,563,000

*

1915

13,683,000

*

1920

4,000,000

*

1924

5,000,000

*

1932
1933

2,395,000
3,821,475

*
*

1938

5,082,625

*

1943

1,578,675

*

(* —

not reported)
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works project.

Interest in deep exploration was renewed

due to the decrease in pumping expenses.
In 1942, government regulations and wartime restric
tions severely hampered production.

Although large

low grade reserves are known to be present, as well as
indicated and inferred reserves, mining activity has been
negligible since that date.

The release of government

restrictions on the price and ownership of gold has
recently renewed interest.

Several previously closed

large mines have been reopened within the past two years.
C.

PURPOSE
The Cripple Creek district was one of the richest

gold mining camps in the world.

For example, in 1900 it

was exceeded in production only by the Witwatersrand
district of South Africa and the Calgoorlie district of
Western Australia.

The Cripple Creek district produced

more gold than all other districts in the Front Range
combined (Lovering and Goddard, 1950), accounting for some
48% of the state’s total production (Henderson et al,
1943).
Compared with other districts of lesser production,
the Cripple Creek district has not been examined very
thoroughly as to its detailed geology.

This is due

mainly to the complete closure of nearly all mines in the
last few decades.
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Most published reports on the mines in the Cripple
Creek district contain no detailed descriptions of the
underground geology.

Lindgren and Ransome

(1906) give

some of the best descriptions; however, considerably more
exposure and evidence has been brought out by further
development of many of the mines since the early date of
their report.

The El Paso gold mine, the subject of this

thesis, is a prime example.
This investigation is a threefold study.

It in

volves 1) detailed underground mapping of the accessible
portions of the El Paso mine to determine the locations
of veins, their interrelationships, the locations and
nature of previously unmapped phonolite bodies, and the
nature of possible ore controls; 2) ore microscopy
studies to describe the vein minerals, their textures and
intergrowths; and 3) fluid inclusion geothermometry
measurements to obtain a general range of the temperatures
of deposition of selected minerals.
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II.

REVIEW OF LITERATURE

Published references on the geology of the Cripple
Creek district and few in number and almost totally absent
in recent years.

The first publication of any kind on

the Pike's Peak region was the Annual Report of 1873 of
the Hayden Survey.

In this report a general mention was

made to an extensive volcanic area characterized by lava
flows and volcanic cones located south of Pike's Peak.
The first major publication describing the geologic
features of the Cripple Creek district in any detail was
that by Cross and Penrose

(1895).

Cross described the

district geology and petrology, whereas Penrose provided
descriptions of the mines as they were at that time.
This publication contains no information describing the
El Paso mine as it had not been discovered at the time of
their investigations.
In 1906, Lindgren and Ransome published an extensive
professional paper on the Cripple Creek district.

This

work involved re-mapping the entire district, petrologic
and mineralogic descriptions and it provided local
geological details for many mines.

This work was under

taken to re-assess and supplement the earlier work of
Cross and Penrose.

In the ten years that followed the

former survey, considerably more geologic features had
been exposed in the district by more extensive workings
and by the many new mines.

Because the El Paso mine was
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developed on four levels by the time of the Lindgren and
Ransome report, they provided a brief description of El
Paso geology and the three major veins exposed on those
levels.
Loughlin and Koschmann, in 1935, wrote the last
major publication on the district and included information
based on developments after the work of Lindgren and
Ransome.

Many of the mines were considerably deeper and

new geologic features, particularly the presence of
sedimentary rock types and the understanding of the
nature of the Cresson blowout, gave rise to a re
interpretation of the district geology.

A very general

mention of the more recent workings in the El Paso mine
is given; however, most of the area they described is now
inaccessible.
A number of shorter publications have subsequently
dealt either with a particular feature in one mine or
contain information largely borrowed from the above
sources.
Two bibliographies are provided at the end of this
thesis.

The first contains references cited in the

thesis.

The second is a supplementary bibliography

included to provide the reader with additional
references.
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III.

GEOLOGY OF THE CRIPPLE CREEK DISTRICT

The Cripple Creek district (Fig. 1) consists of an
extinct, deeply eroded, steep walled volcanic caldera.
This volcanic structure formed in, and is completely
surrounded by, Precambrian granites, gneisses, and
schists, which locally are overlain by pre-Cripple Creek
volcanic and sedimentary rocks.

Rhyolites and andesites

lie to the west of the district, but they are older and
unrelated to the alkaline group which comprises the
Cripple Creek volcanic center.
A.

REGIONAL GEOLOGIC DEVELOPMENT
The following brief outline of the tectonic history

of the Cripple Creek region is summarized from Loughlin
and Koschmann (1935).

During Precambrian times a thick

sequence of quartzites and schists were intruded by the
Pike's Peak granite, a red, commonly gneissic granite
that is located throughout much of the Front Range.

The

Pike's Peak granite was subjected to fracturing and was
intruded by numerous dikes of aplite, pegmatite, and
diabase, together with smaller, fine-grained granite
bodies, the most important of which in the district is the
Cripple Creek granite.

The Cripple Creek granite is

located predominantly to the southwest of the district.
The Precambrian rocks were deeply eroded and subse
quently subsided, during which time a thick sequence of
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Paleozoic and Mesozoic sediments were deposited.

These

sediments were intensely folded and faulted during the
Laramide orogeny.

One such fold, a broad dome-like

structure extended from a few miles southwest of the
district to Woodland Park, eighteen miles to the north
east.

Fracture zones across these great folds developed

at a later time.

Those developing on the dome-like

structure were to play an important part in the subse
quent development of the Cripple Creek volcanic center.
Three great periods of erosion followed, virtually
stripping the area of its sedimentary cover and resulting
in a topography similar to that of today.

After the

third period of erosion, volcanism was initiated to the
west of the district.

During the last stages of this

volcanic activity, rhyolite eruptions extended as far
east as the Cripple Creek district.

All but a few small

isolated outcrops of this material has now been removed
by erosion.
B.

GEOLOGY OF THE CRIPPLE CREEK VOLCANIC CENTER
The Cripple Creek volcanic center is a breccia filled

composite crater, roughly elliptical in plan, measuring
about four miles long and two miles wi d e , and trending in
a northwest-southeast direction.

Most of the mines are

situated within the volcanic center; however, some impor
tant mines are located along its margin in the Victor
area, and a few occur in the earlier granite adjacent to
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the crater.

The most notable of those outside the crater

are located in the Beacon Hill vicinity of which the El
Paso mine is the largest.
The volcanic center is divided into several minor
craters.

The Globe Hill crater lies in the northern part

of the district where it is separated from the rest of
the larger crater by two large Precambrian islands, one
consisting of Cripple Creek granite and the other of
schist.

Both islands are high points along a spur which

divides the main crater.

The southern crater separates

downward into several other sub-craters or minor craters.
Additional minor craters are located at Mineral Hill,
Copper Mountain, and Rhyolite Mountain to the northwest
of the district, together with Beacon Hill which lies to
the southwest of the main crater.
Underground exposures have shown that the walls of
the volcanic center are in many places quite steep and
irregular.

Particularly along the southern margin, in

the vicinity of Victor, the crater walls are steep and
locally they form bench like flat areas and in other
places the walls may overhang the crater.

The crater

margins in the northeast part of the district slope
towards the center at relatively shallow angles.
Several different rock types are present in the
Cripple Creek district, all of which were believed by
Lindgren and Ransome (1906) to have been derived from a
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homogeneous parent magma through the process of magmatic
differentiation.

After the early volcanic eruptions,

there occurred at least twelve stages of intrusive
activity, in approximately the following order:

two

types of latite phonolite, two syenites, two phonolites,
one trachydolerite, four basic rock types, and one of
basalt.

The last has been called the Cresson blowout and

it forms a local explosive vent.

A large number of the

above intrusives are located in the southeast portion of
the crater, indicating that the main volcanic vents are
located there.
The crater filling material is composed primarily of
altered latite-phonolite and phonolite breccia and tuff
(Fig. 2).

Fragments of the Precambrian country rock are

scattered throughout the breccia mass.

Locally the

breccia exhibits stratification features which have been
interpreted to suggest that they were deposited in quiet
water.

Silicified and carbonized plant material, dis

covered to occur in some mines, together with shale
partings, fresh water limestones, sandstones, arkoses,
conglomerates, and terrestrial fossils, seem to indicate
that quiet subsidence, or at least prolonged periods of
non-volcanism, were alternated with volcanism during the
formation of the crater (Loughlin and Koschmann, 19 35) .
The Cripple Creek volcanic center was originally
believed to be an explosion pipe or volcanic neck
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Figure 2.

Hand specimen of breccia typical of the
material which fills the Cripple Creek
volcanic center. Most of the fragments
consist of altered latite-phonolite and
phonolite and the matrix consists of
similar but finer material.
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(Lindgren and Ransome, 1906; Loughlin, 1927).

Evidence

for this interpretation included the presence of
scattered xenoliths of Precambrian granite and gneiss
found throughout the crater.

Carbonized logs were

believed by Lindgren and Ransome to have been trees
which were growing on the surface prior to volcanism.
The trees were believed to have been lifted into the air
by the force of volcanic explosions and subsequently
dropped into the crater to be buried by later breccia.
Although stratified breccia was observed by Lindgren and
Ransome, they believed it formed through the sorting
actions of winds.
In later years as the mines grew deeper and more
geological features were exposed, there was a change in
thought as to the origin of the crater.

Thick sections

of arkose and conglomerate, obviously sedimentary in
origin and composed of fragments of Precambrian material,
were exposed in several mines, particularly those in the
northeast part of the district.

Most of these sedimen

tary formations lie beneath the breccia and form a basal
unit on the crater floor.

Sedimentary rock types, such

as fresh water limestones and shale partings containing
fossils, were later described to occur within the sedi
mentary sections.

These rocks have been interpreted by

geologists in later years as evidence of an entirely
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different genesis of the volcanic center as given in the
following paragraph.
The basal sedimentary sections give evidence that
the crater was originally a subsiding basin which was
filling with Precambrian debris at about the same rate
that subsidence was occurring.

Subsidence occurred along

the major fissures which formed in the Precambrian rocks
during the Laramide orogeny.

Later, explosive eruptions

and quiet fissure flows occurred which supplied material
to the subsiding basin.

This material was worked by

streams and formed the material now observed in the
crater.

Subsequent eruptions and working of this

material formed more breccia which filled the basin as it
continued to subside.

This was followed by the intrusion

of numerous phonolite and syenite stocks in the southeast
part of the crater which are now exposed at the surface.
The last event to occur in the basin was the formation of
the Cresson blowout, a small explosive vent filled with
basaltic breccia.

During the filling of the crater there

apparently were numerous explosive episodes as some
sections of the granitic basin walls appear to be
brecciated by explosive activity (Lovering and Goddard,
1950).
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IV.
A.

EL PASO GOLD MINE

LOCATION AND HISTORY
The El Paso gold mine is located in the southeast

quarter of section 25, township 15 south, range 70 west,
along the northwest side of Beacon Hill about two miles
due south of Cripple Creek and two miles west-northwest
of Victor.

This area lies to the southwest of the main

Cripple Creek volcanic center.
The original El Paso Company organized in 1894 and
owned five claims totaling about 25 acres.

Later the

company re-organized under the name of El Paso Consoli
dated Gold Mining Company and additional property was
purchased.

The ownership has changed hands several times

during the intervening time until, in 1968, El Paso Mines
Incorporated was purchased by the present owner and the
company again re-organized.
The El Paso mine was one of the largest producers
in the Cripple Creek district.

Production of 82,176

ounces of gold having a value of $1,698,576 was recorded
from the discovery until the end of 1903.

In 1904,

65,550 ounces of gold were produced valued at $1,354,923
(Lindgren and Ransome, 1906).

From 1905 to 1932 a total

of 489,000 ounces worth $10,108,000 were produced
(Loughlin and Koschmann, 1935).

At current prices, the

total 636,726 ounces of gold would be valued at over
$80,000,000.
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Currently, only dump ore is being processed; however,
plans are being made for underground exploration,
development, and production.
B.

LOCAL GEOLOGY
The major structural control for the location of

veins and phonolite bodies in the vicinity of the El Paso
mine is that of the El Paso master shear zone.

This shear

zone is a pre-volcanic fissure zone trending northnortheast.

The southwestern portion of the main crater,

the Unity Embayment, was developed along the El Paso
master shear zone.

The El Paso master shear zone, which

formed during the Laramide Revolution, has been a major
zone of weakness along which movement has taken place
during several periods.
The El Paso shear zone appears to have developed
along an intrusive contact between two Precambrian granite
bodies, the contact of which also trends roughly N. 35° E.
This contact is between the Pike's Peak granite and the
younger Cripple Creek granite; it is exposed in Gold Run
gulch, and it extends to the edge of the main volcanic
crater (Fig. 1).

A weakened zone apparently existed

along the contact which, during the Laramide Revolution,
became strongly sheared as a response to compressive
forces.
Fractures formed by shearing along the El Paso zone,
as well as the numerous major fissures elsewhere in the

18

district, exerted a strong influence upon the emplacement
of the volcanic crater and its present outline.

The

southwest edge of the crater along the Unity Embayment
formed along the El Paso master shear zone as did the
western edge of the Mary McKinney-Elkton subcrater, a
subcrater at the base of the main crater named after the
two major mines associated with it.
The veins in the El Paso mine, with the exception of
the C.K.&N. vein and an unnamed vein on level 7, have a
general trend of N. 35° E. and occur along the fissures
in the master shear zone.

These veins extend to those in

the Mary McKinney system, and the mineralization in both
the El Paso and Mary McKinney mines may be related to the
same source.
The most prominent feature in the vicinity of the
El Paso mine is the Beacon Hill phonolite plug.

This

plug is an elliptical body of phonolite trending N. 35° E.
and measuring roughly 2,200 feet by 1,200 feet at the
surface where it represents the root of a minor volcanic
crater.

The phonolite plug narrows considerably downward

and forms a north-northwest trending dike about 100 feet
across where it is exposed in the Roosevelt drainage
tunnel on level 9 of the El Paso mine at a depth of 1,332
feet below the collar of the shaft.
The emplacement of the Beacon Hill phonolite plug
also was controlled by the El Paso master shear along
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which it occurs.

Several additional phonolite dikes,

clearly offshoots of the phonolite plug, strike in the
same northeast direction as the master shear.

Many

"flats" or sills of phonolite are exposed in the mine
workings and they are most certainly related genetically
to the Beacon Hill phonolite plug.
The workings of the El Paso mine lie west of the
Beacon Hill phonolite plug where they are entirely
within the Pike's Peak granite and immediately to the
east of the intrusive contact of the Pike's Peak and
Cripple Creek granites.
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V.
A.

RESULTS

UNDERGROUND GEOLOGY
1.

Introduction.

The El Paso property consists of

about 60 acres and has been developed on nine levels.
Horizontal underground workings total 33 miles in extent.
Underground mapping of the mine was restricted by consid
erable caving and the unstable condition of many timbered
areas.

Because of these conditions about five miles of

workings were safely accessible to the writer.
Survey maps of the underground workings in the El
Paso mine were supplied by the owner and used as a base
for geologic mapping.

These maps were drawn on a scale

of 1" = 30' and the geology at waist level (3.5 feet) was
plotted at that scale.

Photocopies of these original

maps were made and reduced to a scale of 1" = 5 0 *

in order

to facilitate reading and handling.
Mapping of veins and the tracing of them from one
exposure to another was aided by the use of a composite
map of all of the mine workings.

This map was plotted at

a scale of 1" = 30* and measured roughly eight feet by
twelve feet in size.

Many of the veins shown on this

composite map were labeled, which aided the writer in
tracing them from level to level and it provided indica
tions of vein systems in many inaccessible areas.
Geologic maps of five of the nine levels examined
and mapped are included in this thesis.

Those maps show

21

the most significant structures and ore controls in the
El Paso mine.

Supplementary information has been drawn,

where available, from the literature for the geology in
those areas of the El Paso mine no longer accessible.
The nine levels of the El Paso mine are not equal
distances apart, a fact which must be taken into account
when considering the location and projection of veins and
structures from level to level.

In addition, a vein or

structure accessible on one level was not always accessi
ble on another level, so that it required projection from
a point either above or below that particular level
(Table II).
2.

General Discussion.

The workings of the El Paso

mine are situated within the Pike's Peak granite.

This

granite has a texture which varies from that of a coarse
porphyry to that exhibiting a gneissic character.

Lenses

of schist also are fairly common and they generally trend
north-northeast, parallel with the El Paso master shear
zone.
The Pike's Peak granite is cut by several sills and
dikes of phonolite and by many irregular phonolite bodies,
the nature of which is not fully resolved.

Some of the

phonolite structures clearly are genetically related to
the Beacon Hill phonolite plug.

The most structurally

important of these phonolite bodies is a dike which
strikes about N. 35° E. to N. 40° E., is variable in dip,
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TABLE II
Elevations t Depths, and Distances Between Levels of
the El Paso Mine
LEVEL
(feet)

ELEVATION
(feet)

DEPTH
(feet)

DISTANCE FROI
ABOVE LEVEL
(feet)

Collar

9422

0

0

1

9209

213

213

2

9089

333

120

3

8959

463

130

4

8839

583

120

5

8734

688

105

6

8632

790

102

7

8437

985

195

8

8267

1155

170

9

8090

1332

177
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and is observable on levels 1, 2, 3, and possibly on level
4.

This phonolite body constitutes a major ore control

in the El Paso mine.
The contact between the Pike's Peak granite and the
Beacon Hill phonolite plug is observable on levels 2, 7,
and 9.

Granite adjacent to the phonolite plug on level 2

has been intensely foliated for a distance of up to 40
and 50 feet from the contact, indicating that very
intense pressure was present during emplacement and
eruption of the phonolite plug.

Subsequent movement was

believed by Lindgren and Ransome (1906) to have taken
place locally along this contact.
Nine veins have been exposed and explored in the
workings of the El Paso mine, together with a number of
small satellite veins of minor importance.
veins, from east to west, are:

The nine

1) the East Little May

vein, also called the Contact vein, located at the contact
of the Pike's Peak granite and the Beacon Hill phonolite
plug, 2) the Middle Little May vein, 3) the West Little
May vein, 4) the Tillery vein, 5) the Middle vein, 6) the
El Paso vein, 7) the Eaton vein, 8) the Bessie vein, and
9) the C.K.&N. vein.

The El Paso, Tillery, and C.K.&N.

veins have been the most productive.
Additional veins present in the northern portions of
the El Paso property were significant producers but they

are not accessible today.

The most notable of these are

the Ajax and the Nichols veins.
All of the above veins trend north-northeast with
the exception of the C.K.&N, vein which trends northeast
to due east, cutting across the other veins.
The dip of the north-northeast trending veins varies
from vertical to 50° northwest.

The C.K.&N. vein is

vertical, or nearly so, throughout its observable strike.
3.

Geology of Levels 1 through 9.

The following is

a discussion of the geology of each level as mapped by
the writer.

It is complemented by appropriate literature

for levels 1 and 2.

The principal aspects of geology

discussed are the distributions and attitudes of phonolite
bodies and veins.
a.

Levell.

The geology of level 1 was not examined

in detail due to the inaccessibility of much of that
level.

Thus, much of the following description is based

on Lindgren and Ransome1s (1906) description of the El
Paso mine.
The El Paso vein comes in contact with the large
phonolite dike (hereafter referred to as the El Paso dike)
east of the shaft and follows the footwall of the dike for
about 175 feet where it crosses the dike and intersects
the C.K.&N. vein.

At the intersection the C.K.&N. vein

trends nearly due east.

The vein strikes S. 83° W. some

150 feet from the El Paso vein and is vertical until it
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turns S. 40° W. along an intersecting fissure for about
100 feet, where it resumes its nearly east-west strike.
This fissure strikes about N. 35° E. and dips 75°
northwest.

Where the C.K.&N. vein is deflected along

this fissure, ore is present, but the fissure is barren
of values beyond its junction with the C.K.&N. vein.
East of the El Paso vein,

the C.K.&N. vein apparently

ends at a fissure of similar nature.
Some drifting has been done along a vein following
the hanging wall side of the El Paso dike on this level,
but it is not known if mineralization of any significance
was encountered.

b.

Level 2 .

Level 2 is particularly interesting

because of its exposures of intersections between the El
Paso and Tillery veins with the El Paso dike (see Plate
1), features important as major ore controls.
the El Paso shaft intersects the El Paso dike.

On level 2
At this

point the El Paso dike is about 25 feet thick and has
several "flats" and irregular projections developed out
ward from it.

One of these projections is exposed in a

drift about 30 feet due west of the shaft and another is
exposed in an east-west crosscut between the Eaton vein
and the large stope on the El Paso vein.

A third

phonolite projection is exposed in a stope at the
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intersection of the Tillery vein and the El Paso dike.

A

small sill projects from the footwall side of the El Paso
dike and is exposed in a large stope above floor level.
A phonolite sill about 20 feet thick is exposed six
feet above the floor in a stope on the Middle Little May
vein.

The Middle Little May vein is vertical and strikes

nearly due north where exposed on this level cutting the
sill at a right angle.

The sill is most likely an off

shoot of the Beacon Hill phonolite plug, the contact of
which is exposed about 75 feet beyond the stope to the
east.

An irregular phonolite body, probably a downward

extension of the sill, is exposed in a crosscut about 160
feet northwest of the stope, approximately 350 feet due
east of the El Paso shaft.

A third minor dike occurs in

the southern face of a drift on the Tillery vein and it
parallels that vein.
The Eaton vein is present only as a small vertical
fracture in the granite near the shaft trending N. 20° E.
The relationship between this vein and the El Paso dike
is somewhat obscure at floor level on level 2.

The vein

appears to form a set of widely spaced joints barely
distinguishable from normal jointing of the phonolite
where it crosses the phonolite dike.

Considerable stoping

of the vein has been done along an ore shoot located
along the line formed by the intersections of the Eaton
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vein and the phonolite dike between level 2 and level 3.
The vein passes out of the dike on level 3 at the bottom
of the stope apparently marking the bottom of the ore
shoot.
Accessible workings on the Tillery vein extend for
about 375 feet.

On this level the vein strikes N. 35° E.

and varies in dip from 70° to 45° northwestward.

Little

stoping was done along this vein except at its contact
with the footwall side of the El Paso dike.

At this

point the Tillery vein apparently branched somewhat.

A

small nearly horizontal phonolite dike extending from the
footwall side of the El Paso dike is exposed near the
bottom of the stope and may have had a controlling
influence on ore deposition in this vicinity.
The El Paso vein generally trends N. 35° E. and has
been worked by drifts for a considerable distance.

The

El Paso vein meets the El Paso dike just east of the
shaft where it follows the footwall as previously
described on level 1 but on level 2 the vein has split
into two fissures.

A very large area has been stoped out

roughly from a point where the El Paso lode meets the
footwall side of the dike, about 100 feet east of the
shaft, almost to where the vein crosses the dike, 300 feet
further along the strike.

The El Paso vein along the

footwall side of the dike splits into two major branches
near the point where the lode crosses the dike.
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The distance between these two branches varies from
20 to 40 feet with the western branch carrying little
value to the south of the shaft.

The eastern branch has

been stoped considerably along its course beyond the
point at which drifting on the western branch was ended.
Between the two branches in the El Paso vein, in the area
now stoped out, numerous small fissures interfingered
forming a dense network of small veinlets
Ransome, 1906).

(Lindgren and

The two major branches of the El Paso

vein vary in thickness from one to five feet and contain
vugs lined with quartz, fluorite, and barite.

The vein

material consists primarily of adularia, sphalerite,
pyrite, and galena.

Sylvanite occurs as reticulate

networks of bladed crystals deposited upon quartz druze.
Samples of ore left in the stope have been assayed at
nine ounces of gold per ton.

Reportedly, this large

stope produced $5,000,000 worth of ore.
The El Paso vein, where it crosses the El Paso dike,
follows the hanging wall of the dike for about 40 feet
and intersects the C.K.&N. vein at a distance of 650 feet
northeast of the shaft.

Minor drifting has been done on

small veins along both sides of the dike in the vicinity
where it is crossed by the El Paso vein but apparently no
ore was encountered.
At its junction with the El Paso vein, the C.K.&N.
vein is offset about 10 feet.

The C.K.&N. vein was not
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accessible on level 2; therefore, much of the following
description is taken from Lindgren and Ransome (1906).
From its junction with the El Paso vein the C.K.&N. vein
strikes nearly due west until it is intersected by a
fissure striking about N. 35° E.

This fissure apparently

is the same one described on level 1.

The C.K.&N. vein

is offset in much the same manner as noted on level 1;
however, it is intersected by a second fissure in the
vicinity of the Raaler shaft.
N. 30° E. and dips 75° west.

This second fissure strikes
It was believed by Lindgren

and Ransome to be a simple fault of the C.K.&N. vein which
contained some pyrite; however, the strike of this fissure
matches that of one exposed about 75 feet west-northwest
of the El Paso shaft.

The writer believes that this

fissure may be the Bessie vein which was productive at
lower levels.
About 60 feet east of the El Paso vein the C.K.&N.
vein is cut off apparently by the same fissure described
as cutting it off on level 1.

Beyond this point, the

C.K.&N. vein reportedly follows the hanging wall of the
El Paso dike, changing its direction some 20° northerly
in strike and dipping 65° to 70° northwest, conforming to
the attitude of the El Paso dike.
c*

Level 3 .

Much of level 3 is inaccessible due to

caving; however, areas in the C.K.&N. and Old Gold
properties, due west of the El Paso are accessible.
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These properties lie outside of the mapped area and,
although explored briefly by the writer, were not mapped.
One phonolite dike, the El Paso dike, and six veins were
mapped by the writer on level 3 as shown on Plate 2.
The El Paso dike, which was measured to be 25 feet
across on level 2 and to dip about 65° to the west,
widens considerably and is nearly 100 feet across on level
3.

It dips 21° to the northwest on the footwall side and

69° to the northwest on the hanging wall side and strikes
about N. 40° E.

The footwall side of the dike was

observed in three places; however, the nature of the
contact was measurable only in a crosscut extending from
the El Paso vein to the Eaton vein.

The hanging wall

was observed only in the same crosscut where it continues
from the Eaton vein toward the C.K.&N. vein.
The nature of the three veins which comprise the
Little May system is unclear on the third level due to
inaccessibility of workings.

Plate 2 shows some minor

drifting along what may be the West Little May vein.

On

level 3 the Middle Little May vein has not been inter
sected farther to the northwest than on level 2, as the
other major veins have, due to its vertical dip as
measured on level 2.

No stoping was done on the Middle

Little May vein on this level nor on any lower level,
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indicating that no ore grade mineralization has been
detected in the vein below level 2.
Whether or not the West Little May vein is exposed
in one or the other of two small drifts between the
Middle Little May vein and the Tillery vein is unknown.
The Tillery vein splits into several branches below
level 3 as is shown by the cross section in Figure 10.
One of these branches of the Tillery vein is observable
in a fairly large stope about 170 feet east-southeast of
the shaft.

This stope marks the upper limits of a large

ore shoot extending to below level 7.

It is inferred from

a map of the old workings that the Tillery vein may split
again to the east of this stope as some stopes and raises
have been cut on the western side of the circular drift
northeast of the large stope.
roughly north-northeast.

The Tillery vein continues

At its junction with the C.K.&N.

vein a large area has been stoped.
Another branch of the Tillery vein has been exposed
on level 3 and trends N. 35° E.
the northwest.

This branch dips 55° to

It is cut by the crosscut extending from

the El Paso vein to the large stope on the Tillery vein
and it is present as a small fissure which contains
altered granite gouge and some pyrite.

It has been pro

ductive on the third level at its intersection with the
C.K.&N. vein.
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The El Paso vein, where accessible, has not been
stoped to a great extent, except where it approaches and
crosses the C.K.&N. vein.

The C.K.&N. vein is offset

about a foot to the northeast at its junction with the
El Paso vein.

The intersection of the El Paso and the

C.K.&N. veins occurs progressively westward from level to
deeper level.

Thus, on level 3 the intersection occurs

about 100 feet horizontally to the west from where it
occurs on level 2.
The Eaton vein is exposed at the bottom of the Eaton
stope near the footwall of the El Paso dike.

It strikes

N. 35° E. cutting the dike at roughly a 20° angle and it
intersects the C.K.&N. vein.
inaccessible.

This location is currently

If the plane of the first fissure,

described as offsetting the C.K.&N. vein on levels 1 and
2, is projected downward it appears that this fissure may
be the Eaton vein.
The Bessie vein is intersected by a crosscut 75 feet
west of the El Paso shaft.

The Bessie is a small vein

trending roughly N. 20° E.

Where the vein passes through

the granite it carries little or no value; however, much
stoping has been done above drift level where the Bessie
vein intersects the El Paso phonolite dike.

The Bessie

vein crosses the dike and intersects the C.K.&N. vein to
the north, beyond which it has been stoped.

These areas

could not be examined due to their inaccessibility.
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The C.K.&N. vein has not changed its course or dip
appreciably from that of the above levels.

On level 3 it

intersects the footwall of the El Paso dike but beyond
this point it is caved.

The C.K.&N. vein splits near the

Raaler shaft, both branches of which are stoped and
appear to reunite at a point 100 feet farther along the
strike.
d.

Level 4 .

Level 4 exhibits good exposures of El

Paso mine geology, such as complex branching of the
Tillery vein, a large irregular phonolite body, and an
excellent example of the termination of a vein as a
sheeted zone where it intersects a phonolite body, a
feature important to ore deposition.

Two phonolite

bodies and four major vein systems were mapped on this
level by the writer.
The contact of the Beacon Hill phonolite plug and the
Pike's Peak granite is exposed in the El Paso drainage
tunnel.

The tunnel is currently filled with water to

sufficient depth to discourage the writer from examination
of that part of the mine.

Plate 3 is a geologic map of

the accessible portions of level 4.
A very large and irregular phonolite mass occurs
about 800 feet north of the shaft.

A drift passes

through this phonolite body and back into the granite 100
feet due west of the wide stope on the Bessie vein where
the vein intersects that body.

Mapping in this drift
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shows that the hanging wall between the phonolite and
granite has a very undulatory character.

Along the

hanging wall the phonolite appears to have assimilated
some of the enclosing granite in a gradational zone up to
one foot across.

This particular exposure may form a

portion of the El Paso dike.
East of the above stope on the Bessie vein, a drift
nearly 250 feet long is cut entirely in phonolite for
most of its length.

Other drifts further to the east

delineate the irregular shape of this phonolite body and
what appears to be a second phonolite intrusion.

Figure

3 is a cross sectional drawing of the second irregular
phonolite body as exposed along the sides of a small
drift.
A drift trending N. 35° E.

(see Plate 3), which

intersects a crosscut from the El Paso tunnel, appears to
follow one of the veins belonging to the Little May
system.

Projections from other levels indicate that this

vein is the West Little May.

The vein has not been

productive throughout its explored depth.
The Tillery vein splits about 75 feet from the shaft
on the fourth level, but the precise location where it
divides is inaccessible due to caving.

Drifting was

accomplished primarily along the eastern branch of the
Tillery, which itself splits into two veins, one con
tinuing N. 35° E., the other vein returning to rejoin the
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I

PHONOLITE

Figure 3.

GRANITE

Sketch of a phonolite body exposed on level 4
showing its irregular shape. Top diagram is
along the north side of drift; bottom view is
along south side. El Paso mine. Horizontal
and vertical scale: 1" =* 10'.
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western branch of the Tillery vein.

The western branch

does not appear to continue across the C.K.&N.

vein at

its junction.

The eastern branch of the Tillery intersects the
C.K.&N. vein but does not offset it.

The branch con

tinues in a north-northeasterly direction passing through
what appears to be a phonolite dike and into another
irregular phonolite body.
caved.

Beyond this point the drift is

The Tillery vein was quite productive on this

level and became even more productive on lower levels.
The El Paso vein was unproductive on level 4.

The

vein is cut by the shaft and it is followed for a dis
tance of about 150 feet by the El Paso drainage tunnel.
The El Paso vein apparently offsets the C.K.&N. vein at
the intersection of the two, but that point was inacces
sible.

The El Paso vein is exposed in a crosscut

further along its strike and most likely continues into
the irregular phonolite body described above.
The Bessie vein is accessible only in an area due
north of the shaft.

It is inaccessible where it crosses

the C.K.&N. vein and, therefore, the nature of the inter
section could not be determined.

It has been stoped

where the vein enters the irregular phonolite body at a
point 750 feet nearly due north of the shaft.
The C.K.&N. vein is vertical from the Raaler shaft
to the point where the western branch of the Tillery vein
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merges with it.

From there the strike of the C.K.&N. vein

is deflected about 25° from roughly N. 70° E. to N. 45° E.
dipping 62° northwestwardly, for a distance of 175 feet
where it is crossed by the east branch of the Tillery
vein.

From that point it resumes its normal course, but

it dips 65° to the northwest in contrast to its usual
vertical dip.
e.

Level 5 .

The writer examined and mapped three

phonolite bodies and three veins, the Tillery, C.K.&N.,
and the Middle vein, on level 5 and these are shown on
Plate 4.

The three phonolite bodies were somewhat

irregular in shape.

One of these is exposed in a cross

cut about 750 feet north-northeast of the shaft where
the northwest and the southeast contacts can be seen to
dip toward each other.

The writer believes this structure

to be a "flat" or sill rather than a dike because it
widens to the northeast and is not intersected by a
second crosscut which lies 425 feet to the northeast and
parallel to the first crosscut.
A second phonolite body is an irregular mass which
is intersected by the Tillery and Middle veins.

This

phonolite body, as do many of those exposed in the mine,
does not have a well defined contact and appears to have
assimilated some of the enclosing granite.

The strike

and dip of the contact were measurable in only one
location exposed in a major crosscut.

At that point the

38

contact trends N. 65° E. and dips 33° to the northwest.
The same crosscut intersects a third phonolite body
350 feet further northwest along its course.

This body

is an irregularly shaped dike and exhibits what appear to
be apophyses which project outward as shown in Plate 4.
To the southeast the dike curves from a northeast
direction to a southeast direction where it is exposed in
two exploratory drifts.
The El Paso vein has been followed by a short drift
100 feet due west of the shaft and at the point where it
intersects the C.K.&N. vein.

Although the C.K.&N. vein

appears on the base map to be slightly offset by the El
Paso vein, nowhere on this level was the El Paso vein
accessible.
The Tillery vein has been considerably stoped on
level 5.

It strikes N. 35° E. and dips 65° northwest.

At its junction with the C.K.&N. vein it appears to be
offset to the right, i.e. the northeast, about 25 feet
along the strike of the C.K.&N. vein.

To the northeast,

beyond the point where it crosses the C.K.&N. vein, the
Tillery has not been productive, and it continues into
the irregular phonolite body described above.

Where the

Tillery vein is extensively stoped, it exhibits a slight
curvature above the drift level, having a gentler dip
upward.

This curvature may have had a significant bearing

upon the localization of ore in this vicinity.
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Workings along the Middle vein are not extensive
enough to show much detail regarding its nature.

It has

been drifted along its course for nearly 200 feet where
it intersects the same irregular phonolite body cut by the
Tillery vein.

At this point the Middle vein has been

stoped to a small extent, whereas the Tillery has not been
stoped.
The C.K.&N. vein could be observed only in the cross
cut near the phonolite "flat" and in the vicinity of its
junction with the Tillery vein.

The C.K.&N. vein strikes

nearly due east, dips 90°, and has been stoped extensively,
particularly in the area where it is offset.

At a point

some 500 feet north-northeast of the El Paso shaft, the
C.K.&N. vein has been offset 150 feet along a line
trending N. 25° E.

The location of this offset roughly

matches that of the Middle vein projected downward from
level 4.

Apparently the offset does not occur at the

junction of the Middle and C.K.&N. veins as the Middle
vein would most likely, but does not, extend to the cross
cut which passes through the phonolite sill, a distance of
only 100 feet to the northeast.

Beyond the offset the

C.K.&N. vein resumes its original strike and dip and it
appears to offset the Tillery vein.
f.

Level 6 .

Only a very limited examination of

level 6 was possible due to intensive caving near the
shaft.

The Tillery vein has been stoped on level 6, but
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to a much lesser extent than on level 5.

The Tillery

vein dips 65° to the northwest on level 5.
The El Paso vein is exposed in a crosscut near the
shaft and in a crosscut to the C.K.&N. vein, but no
drifting has been done along the El Paso vein.
The C.K.&N. vein has a vertical dip and strikes
about N. 70° E. to a point about 475 feet from the shaft.
From this point, the C.K.&N. vein turns and strikes
N. 45° E. but this area is now inaccessible.
Some drifting and the mining of a small stope was
done along a vein in an area nearly due east of the El
Paso shaft.

This vein is probably the West Little May

vein, but an examination of the vein was impossible due
to its inaccessibility.
g.

Level 7.

Production from level 7 was only

moderate and most of that production came from the Tillery
and C.K.&N. veins.

Excellent exposures of El Paso mine

geology occur throughout level 7 and this geology is
shown on Plate 5.
The principal phonolite structure on level 7 is a
large sill exposed in several locations to the northeast
of the shaft.

The sill varies in thickness from 10 to 20

feet, and its contacts are undulatory.

A number of very

irregular phonolite bodies and small dikes project from
the main sill.

In its proximity to veins the phonolite

is silicified and contains abundant microscopic pyrite,
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sphalerite, galena, and rarely sylvanite, particularly in
the area where it is crossed by the C.K.&N. vein and
where it passes below the floor to the east in a large
stope.

In many places along the contact with the granite,

the phonolite appears to have assimilated some of the
granite.

These phonolite-granite contacts tend to be

gradational, varying from one to two feet across, but
locally they may be sharp and well defined.

Figure 4 is

a cross section drawn through the phonolite sill as it is
exposed along a major crosscut.
A second irregular phonolite body, somewhat resem
bling a dike, is exposed northeast of the shaft near the
intersection between the West Little May vein and an
unnamed north-northeast trending vein.

Although this

phonolite body may be related to the large phonolite sill,
that relationship could not be determined by the writer1s
mapping.

Figure 5 is a cross section through this

irregular phonolite body.
Two minor dikes have been exposed west of the El Paso
shaft.

One is located just west of the Raaler shaft and

it cuts the C.K.&N. vein.

The other occurs along the

Tillery vein where it has the same strike as the vein but
dips 34° to the southeast.
The El Paso vein, although it has been extensively
explored by drifts, has produced little ore of value.

Where cut by the Raaler shaft, it dips about 65° to the

Figure 4.

Cross section of phonolite sill as exposed in crosscut on level 7, looking
northeast. See Plate 5 for location of section. Horizontal and vertical
scale: 1" = 50'.

N>
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PHONOLITE

Figure 5.

GRANITE

Cross section of an irregular phonolite
structure exposed on level 7. Top view —
east wall of drift; bottom view — west wall
of drift.
Horizontal and vertical scale:
1 " = 10 '.
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northwest and strikes N. 20° E.

It is relatively straight

in its strike direction, but it is slightly offset by a
small vein at a point about 425 feet north of the Raaler
shaft.
The Tillery vein has been quite productive on level
7, particularly where it offsets the C.K.&N. vein, begin
ning at a point 550 feet north of the shaft and extending
for a distance of nearly 175 feet to the northeast.
The nature of the Middle vein on level 7 is open to
interpretation.

It appears to diverge from the C.K.&N.

vein about midway between the intersections of the El Paso
and Tillery veins with the C.K.&N. vein respectively.

An

intermediate drift above the seventh level connects the
Middle vein with a short drift along what apparently is
either an abrupt change in strike of the Middle vein or
perhaps a short vein that splits from the Middle vein.
The Middle vein is again exposed in a crosscut a few
hundred feet farther north-northeast.

What apparently is the West Little May vein is
exposed very near the El Paso shaft, but no ore was pro
duced at that location.
A small unnamed vein is exposed in the main haulage
way from the shaft.

The dip of this vein, although it is

vertical near the shaft, rotates to 60° northwest as it
approaches the phonolite sill and C.K.&N. vein.

In the

latter area the small vein has been productive.

The vein
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splits in the vicinity of the phonolite sill, with the
western branch intersecting and slightly offsetting the
C.K.&N. vein, then passing through the sill and back into
the granite.

The east branch joins the C.K.&N. vein just

beyond the area where they both pass through the large
sill.
The C.K.&N. vein has been stoped extensively,
although not to the same extent as on the upper levels.
Observations on levels 8 and 9, together with the lesser
degree of stoping on level 7, indicate that level 7 is
near the bottom of the C.K.&N. ore shoot in this part of
the mine.

Although the dip of the C.K.&N. vein is

vertical, or nearly so, as is the case on the upper
levels, its strike is very irregular (see Plate 5).

The

C.K.&N. vein is offset in a number of places, most of
which are clearly related to intersections with other
veins.

In some locations its strike is nearly due east,

conforming with observations on the upper levels; however,
for most of its course the C.K.&N. vein strikes N. 45° E.
along the major offsets.

The C.K.&N. vein is offset

about 175 feet by the Tillery vein.
not offset the C.K.&N.

The El Paso vein does

It is offset over 300 feet along

a zone which corresponds to the Middle vein.
A minor vein trending N. 30° W. cuts the other veins
which trend north-northeast.

This minor vein has been

explored by a rather long drift, the face of which ends
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in the Beacon Hill phonolite plug just beyond the contact
with the granite.
contact.

Some minor stoping was done near the

The El Paso vein is offset about 15 feet by

this vein.

It is not known if the Tillery-C.K.&N. vein

or the Middle vein are disturbed by this fissure as the
exposures were inaccessible.

The West Little May and the

unnamed vein are not offset.
h.

Levels 8 and 9 .

Very little production came

from levels 8 and 9 and the workings on each level are
not very extensive.

No major phonolite bodies were

noted by the writer to occur in the accessible workings
on either level.
The most striking feature observed on these levels
is that the C.K.&N. vein locally becomes an open fissure.
The fissure varies in width from a few inches to nearly
two feet in places on level 9.

Fault gouge which contains

some pyrite is the predominant fissure filling material
present in the C.K.&N. vein.
The open character clearly indicates that the C.K.&N.
vein is a tension fracture.

Projections and undulations

on one wall evenly match those on the opposite side with
no observable displacement.

Pieces of rock, scaled off

the fracture walls, are commonly caught up in the open
fissure and they may exhibit a thin coating of quartz but
lack ore minerals at this depth.

Fluorite is a common

vein filling material in the open fractures.

One
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exposure examined contained a fluorite veinlet about four
inches across and which completely sealed the open fis
sure.

Figure 6 is a photograph of a hand specimen of

this fluorite veinlet from the C.K.&N. vein on the ninth
level of the El Paso mine.

Examination of a thin section

cut from material taken at the upper extent of the veinlet
showed that the fluorite has replaced some of the
silicified fault gouge along the upper edge of the
veinlet.

Downward the fluorite simply filled the open

fissure.

The fluorite vein contains microscopic pyrite

and sphalerite, and it is mildly radioactive.
Ore reported to assay between one and two ounces of
gold per ton is exposed in a winze sunk along the C.K.&N.
vein, but the presence of many open and unmineralized
spaces indicated that the ore has nearly bottomed out
in this particular vein.
The intersections of the El Paso and Tillery veins
occur farther to the west along the C.K.&N.

vein on the

eighth level and even farther on the ninth.

Little work

on either level was done along the other veins.

4.

Discussion of Results.

The majority of the veins

in the El Paso mine occur along shear zones with the
single exception of the C.K.&N. vein which exhibits
features characteristic of a tension fissure.

The

granitic wallrock alongside the shears is intensely
foliated and frequently shows rearrangement of its
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Figure 6.

Vein of massive fluorite filling a tension
fracture in the C.K.&N. vein. A thin granite
fragment contained within the fluorite has
fallen from the wall. Altered wallrock near
fluorite veins of the C.K.&N. locally contains
some precious metal values.
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mineral constituents along bands parallel to the course
of the veins as shown in Figure 7.

Gouge present within

faults varies in texture from that of a very fine grained
mylonite to coarser fragments approaching one centimeter
in size.

Further evidence for shearing is the offset

shown by the C.K.&N. vein where it is intersected by the
other veins.
The tension fissure, partly filled by the C.K.&N.
vein, was formed at approximately a 45° angle to the
plane of shear, as represented by the other major veins,
and, therefore, it may be genetically related to develop
ment of the shearing stresses.

The north-northeast

orientation of the shear zones and the east-northeast to
nearly due east orientation of the tensional fissure
indicate that the original movement along the El Paso
master shear may have been of a right lateral or clockwise
character.
At some time subsequent to this earlier period of
stress,

the direction of movement along the El Paso shear

may have been reversed,

so that the final movement caused

offset in a left lateral or counterclockwise direction.
Relaxation of stresses along some of the shears and
fractures prior to or during volcanic activity allowed
emplacement of the phonolite bodies.

A subsequent

period of stress or relaxation occurred along the shears
and tension fractures, perhaps accompanied by only slight
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Figure 7.

Hand specimen showing foliated Pike's Peak
granite developed by intense shearing along
the Tillery vein. Wallrock along the veins
commonly exhibits varying degrees of foliation.
Specimen is from level 5.
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local movement, and fractured but did not fault or offset
the phonolite bodies.

Mineralization followed this

period of movement.
The locations of ore shoots in the El Paso mine are
controlled by several geological features.

The intersec

tions of veins with phonolite dikes or other irregular
bodies is the most prevalent control.

Other important

controls are the undulations of the dip of the veins and
the presence of open fissures.

The vicinity of vein

intersections are particularly favored loci for deposition
in the El Paso mine.
Several examples can be cited for the favorable
character of the vicinity of vein intersections with
phonolite bodies.

The El Paso vein carried considerable

ore where it meets the footwall of the El Paso dike,
especially on level 2.

A similar relationship is

observed along the Tillery vein with respect to the same
phonolite dike and on that same level.

Movement along

the El Paso and Tillery shears, after emplacement of the
phonolite dike apparently was deflected across a broad
area along the footwall side of the dike, and provided
open fractures favorable to the deposition of ore.
In several places veins carried ore at points where
they passed from granite into phonolite.

An example of

this can be seen along the vertical Eaton vein which is
barren along its course in the granite but was productive
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between levels 2 and 3 where it passed through the El Paso
phonolite dike.

This relationship is shown in Figure 8,

a three dimensional sketch.

Other examples are where the

Bessie vein intersects the El Paso phonolite dike above
level 3, and on level 4 where the Bessie vein has been
stoped at its intersection with an irregular phonolite
body.

A fourth example can be observed on level 7 where

the Tillery and C.K.&N. veins cross the large phonolite
sill.
This ore control relationship just described is
probably due to the fact that the last period of tectonic
movement along the shear zones may have been one of
relaxation rather than shear.

Because the phonolite was

finer grained and more homogeneous in character than the
granite, it formed less gouge during movement and left
greater free space for the deposition of ore than the more
coarsely crystaline granite.

Just as important was the

fact that single fissures in the granite, where they
intersect phonolite bodies, branch into "sheeted zones"
as sketched in Figure 9.
Intersections of veins in the El Paso mine have in
some cases proven to be favored locations of ore deposi
tion, particularly at the intersections of the El Paso,
Tillery, and Middle veins with the C.K.&N. vein.

The

writer examined the El Paso-C.K.&N. vein intersection on
level 3 and the Middle-C.K .&N. vein intersection on level

EL PASO PHONOLITE DIKE

Figure 8.

Three dimensional sketch showing the relationship of the ore shoot on the
Eaton vein between levels 2 and 3. The ore shoot is confined entirely to
the vicinity of the intersection of the Eaton vein and the El Paso phonolite
dike.

<j i
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GRANITE

Figure 9.

Sketch showing the typical structural change
in a vein as it passes from granite into
phonolite.
The single fissure vein present in
granite becomes a sheeted zone of fracturing
in phonolite. Veins barren throughout most of
their strike and dip frequently carry ore in
the vicinity of junctions such as this. Draw
ing is about 1/5 actual size although larger
veins may become larger sheeted zones.
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7.

Extensive stopes were developed at both of these

intersections.

Extensive stopes at other intersections

are shown on some of the old El Paso mine maps but these
areas are now inaccessible.
The C.K.&N. vein was the most productive vein in the
mine.

The writer interprets its favorability to be a

function of its origin as a tension fracture.

The other

veins were shear zones and contained considerable gouge
which reduced the amount of open space available for ore
deposition.

The tension fracture filled by the C.K.&N.

vein had developed with much more open space.

Where the

C.K.&N. vein is offset by its intersection with the
other veins, ore fluids were forced to eddy, thus
promoting deposition of the ore minerals.
The general overall geology of the El Paso mine is
illustrated in Figure 10, a cross sectional sketch
through levels 1 through 7.
B.

ORE MICROSCOPY STUDIES
Most of the minerals found in the mines of the

Cripple Creek district are discussed in some detail in
Lindgren and Ransome

(1906); however, little is given

regarding their textures.

Seventy-two minerals are

known to occur in the Cripple Creek district.

The

primary ore minerals mined are the tellurides, which have
the basic formula of (Au,Ag)Te2 *
from mineral to mineral.

The Au:Ag ratios vary

The major minerals are
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N. 40° E. See Plates 1 through 5 for location
of section.
Scale:
1" = 100'.

57

petzite (3:1), sylvanite

(1:1), krennerite and calaverite

(both variable).
Work done by Loughlin and others

(1940) has shown

that three stages of mineralization occurred.

Minerals

of the first stage include fine-grained intergrowths of
quartz and fluorite with coarse pyrite, and locally
bordered by quartz and adularia.

The tellurides were

deposited in the second stage along with pyrite, galena,
sphalerite, tetrahedrite, stibnite, quartz, fluorite,
dolomite, celestite, and roscoelite.

During the third

stage, pyrite and cinnabar, along with quartz, chalcedony,
and calcite, were deposited.
The results of the present ore microscopy study are
divided into two main categories, the telluride ores and
the sulfide minerals.

These are further subdivided into

textures and associations.

The purpose in studying these

ores in polished section was for mineral identification
and to examine intergrowths between those minerals.
Table III is a list of minerals and metals from the
Cripple Creek district as reported by Lindgren and
Ransome

(1906).

To this list are added several new

minerals not reported before which were identified in the
course of this microscopic study.
1.

Telluride Ores.

Calaverite and sylvanite are

quite similar in appearance, hardness, and reflectivity,
and they are distinguished with some difficulty.

Where
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TABLE III
List of Native Metals and Minerals Occurring in
the Cripple Creek District
(Modified from Lindgren and Ransome, 1906)
NATIVE METALS

OTHERS

Gold
Copper
Tellurium

Specularite
Zircon
Rutile
Limonite
Psilomelane
Molybdite
Ilsemannite
Calcite
Dolomite
Rhodochrosite
Barite
Celestite
Alunite
Gypsum
Glockerite
Chalcanthite
Mirabilite
Mallardite
Epsomite
Apatite
Wavellite
Titanite
Hubnerite
Orthoclase
Microcline
Albite
Oligoclase
Labradorite
Anorthite
Sodalite
Nosean
Nepheline
Analcite
Natrolite
Stilbite
Tourmaline
Olivine
Augite
Diallage
Aegirine
Hornblende

TELLURIDE ORES
Petzite
Sylvanite
Krennerite
Calaverite
OXIDIZED ZONE
Emmonsite
Tellurite
SULFIDES AND SULFANTIMONIDES
Pyrite
Marcasite
Molybdenite
Stibnite
Cinnabar
Galena
Sphalerite
Chalcopyrite
Tetrahedrite
Chalcocite
Arsenopyrite
Cove H i te*
Bournonite*
Tennantite*
Enargite*
OTHERS
Fluorite
Quartz
Chalcedony
Opal
Magnetite

(continued)
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TABLE III (continued)
OTHERS (continued)
Arfvedsonite
Biotite
Muscovite
Roscoelite
Chlorite
Serpentine
Kaolin
Chrysocolla
Morencite
Chloropal
Coal*
*minerals identified during the course of this thesis
research not previously reported from the Cripple
Creek, Colorado, district
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sylvanite is distinctly twinned, as shown in Figure 11,
and has strong anisotropism, it is readily distinguished
from calaverite.

Calaverite does not exhibit anisotropism

as strong as that of sylvanite, and it lacks the pro
nounced twinning.
The textures most commonly observed in the telluride
ores are the result of oxidation.

Calaverite and sylvan

ite commonly exhibit rims consisting of a mixture of
fine-grained tellurite (TeC^) and free gold.

A particu

larly interesting example of this texture is shown in
Figure 12.

The individual grains of gold are very small,

rarely exceeding two microns across.

Similar textures

have been described by Kelly and Goddard

(1969) to occur

in the Jamestown, Gold Hill, and Magnolia districts in
Boulder County, Colorado.
Tellurite is distinctly anisotropic and varies in
color from brown to bright red and yellow, apparently
depending on the grain size and amount of iron present.
Brilliant red internal reflections are common and the
colors of anisotropism are red and white.

Frequently a

tellurite rim around a telluride grain will show con
centric bands enriched in gold particles.
Two unidentified minerals are associated with the
tellurides.

A few small, one to two micron, grains of a

mineral exhibiting blue and gray extinction colors occur
within telluride grains.

The writer believes this
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Figure 11.

Photomicrograph showing sylvanite grains
(light bluish yellow) exhibiting typical
twinning under crossed nicols. The darker
bands are at extinction.
Level 2 , El Paso
vein. 100X.
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Figure 12.

Photomicrograph showing sylvanite (bluish
yellow) oxidized to form free gold (tiny
yellow grains) and red brown tellurite.
Level 2 , El Paso vein.
400X.
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mineral is either hessite (Ag£Te) or petzite ((Au ,Ag) 2 ^ ) t
but the grains are too small for confirmation by quanti
tative techniques.

A second unidentified mineral occurs

as veinlets frequently found traversing the telluride
minerals (Fig. 13).

The mineral is gray in color and

isotropic but is too minute for certain identification.
2.

Sulfide Minerals.

a.

Emulsion Textures.

Emul

sion texture is the name applied to the occurrence of
numerous minute blebs of a mineral distributed evenly
throughout a host mineral with which it has a solid
solution phase relationship.

This texture develops as a

result of the guest mineral exsolving from the lattice of
the host mineral under subsolidus cooling conditions.
An emulsion texture between chalcopyrite and
sphalerite, similar to the one shown in Figure 14, is
commonly developed in Cripple Creek ores.

Chalcopyrite

occurs generally as small elongated grains less than one
micron across oriented approximately parallel to crystal
lographic planes of the host sphalerite.

The emulsion

blebs of chalcopyrite usually are not distributed evenly
throughout a sphalerite crystal but tend to occur as
local clusters, particularly near a grain margin.

Only a

few single exsolution blebs are present in most sphalerite
crystals.
Emulsion texture between bournonite and galena is
even more common than that between chalcopyrite and
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Figure 13.

Photomicrograph showing an unidentified
mineral (gray) veining sylvanite (bluish
yellow). A single grain of blue-gray mineral
(slightly darker than sylvanite, near center
of sylvanite grain) is hessite or petzite.
Free gold (bright yellow) occurs in a tellur
ite (brown) rim about the sylvanite.
Level
2, El Paso vein.
1100X.
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Figure 14.

Photomicrograph showing emulsion texture
between chalcopyrite (light yellow) and sphal
erite (light brown). Most of the chalcopyrite
blebs are elongated parallel to crystallo
graphic planes in the host sphalerite. Level
2, El Paso vein.
1100X.

66

sphalerite.

Emulsion blebs of bournonite range in size

from less than one micron to a little more than three
microns (Fig. 15).

Bournonite is oriented parallel to

crystallographic planes of the host galena.

Bournonite

blebs may be clustered along the boundaries of galena
grains.
b.

Replacement Textures.

A particularly interest

ing replacement texture is that locally shown by pyrite
and sphalerite.

This sphalerite formed at a different

time than that described above.

It exhibits internal

reflections which are more abundant and lighter than the
former sphalerite and lacks chalcopyrite emulsion blebs.
This sphalerite is present mainly as small spongy grains,
which are mostly 0.1 mm to 0.2 mm in size but some may be
as large as 0.3 mm.
This texture has been observed by the writer in all
stages of progressive replacement.

In the initial stage

of replacement, as shown in Figure 16, pyrite develops as
local, small veinlets traversing sphalerite.

With pro

gressive replacement a dense reticulate network of tiny
veinlets of pyrite lace the sphalerite, as shown in
Figure 17.

As replacement becomes nearly complete only

rounded irregular inclusions or sea islands of sphalerite
remain in the pyrite as shown in Figure 18.

The end
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Figure 15.

Photomicrograph showing emulsion texture
between bournonite (north trending spindles,
slightly darker than galena) and galena (the
principal mineral). Level 2, El Paso vein.
1700X.
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Figure 16.

Photomicrograph showing an initial stage of
replacement of sphalerite (gray) by pyrite
(yellow). A reticulate network of pyrite
veins is beginning to form. Level 2, El Paso
vein.
1700X.
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Figure 17.

Photomicrograph showing an advanced stage of
replacement of sphalerite (gray) by pyrite
(yellow). Pyrite has veined the sphalerite,
perhaps partially along the crystallographic
planes of the sphalerite. Level 2, El Paso
vein. 650X.
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Figure 18.

Photomicrograph showing a late stage of
replacement of sphalerite (gray) by pyrite
(yellow). Sphalerite remains only as ragged
sea islands. Level 2 , El Paso vein.
650X.
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result is usually a few scattered inclusions of sphalerite
in pyrite.

Some of these sphalerite remnants are elon

gated grains resembling rods rarely greater than one
micron in length as shown in Figure 19.
Another replacement-like texture involves galena and
bournonite.

Bournonite forms rims around many galena

grains, such as those shown in Figure 20.

Where the rims

are sufficiently wide they may contain small sea islands
of galena, showing that replacement of galena is involved
in the deposition of at least some of the bournonite.
Another process possibly involved in the formation of the
bournonite rims may have been that of migration of the
bournonite, exsolved from the galena, to the boundaries
of those grains.
Rare textures of a replacement type include relict
grains of pyrite enclosed in tetrahedrite.

As shown in

Figure 21, the distribution of pyrite as a whole tends to
outline the original pyrite crystal.

Local sea islands

of sphalerite may occur in tetrahedrite.

Covellite is

present as very distinct minute grains associated with
some of the copper sulfide minerals and has developed as
a supergene product derived from them.
c.

Other Associations.

The mineral associations

discussed in this section are those in which the relation
ships are unclear.

This is due primarily to their rare
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Figure 19.

Photomicrograph showing tiny elongated grains
of sphalerite (gray) in pyrite (yellow). This
is a very late stage in the progressive
replacement of sphalerite by pyrite. Level 5,
Tillery vein. 1100X.
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Figure 20.

Photomicrograph showing bournonite (medium
gray) rims along the margins of galena (light
gray) grains. Quartz gangue (brown) consti
tutes most of the remainder of the figure.
A single grain of pyrite (yellow) is present
at the margin of the galena in the lower
central portion of the photomicrograph.
Level 2, El Paso vein.
650X.

Figure 21.

Inclusions of pyrite grains in tetrahedrite.
The distribution of pyrite inclusions tends
to outline the original pyrite crystal.
Level 2, El Paso vein. 1400X.
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occurrence.

Also, some of these mineral associations

involve very minute grains.
Tennantite often occurs together with tetrahedrite
in the same polished section.

The two are very difficult

to distinguish, and their recognition is best accom
plished where they are in contact with each other.
Isolated grains, believed to be tetrahedrite, have been
identified in sphalerite.

Although this association with

sphalerite may be a result of exsolution, the size of the
tetrahedrite grains, up to several hundred microns, and
their isolated occurrence, suggest that the two formed
separately.
Bournonite not only occurs with galena in the
relationship described earlier, but it is also associated
with tetrahedrite and tennantite.

Bournonite appears to

form mutual boundaries with the two, indicating that no
replacement of one by the other has taken place.
An unidentified mineral occurs as irregular grains
enclosed within bournonite, and perhaps those grains are
replacement sea islands.

The reflectivity of the mineral

is higher than that of bournonite but less than that of
galena.

It has a hardness about the same as that of

bournonite and it is distinctly anisotropic.

This mineral

exhibits the properties of boulangerite but positive
identification was not possible.
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Enargite occurs as very minute grains only a few
microns in size.

Although enargite has not previously

been identified in Cripple Creek ores, this mineral has
the properties of enargite.

Enargite has been identified

in other deposits of this type in Colorado (Kelly and
Goddard, 1969).

Enargite is found as tiny inclusions in

tetrahedrite and bournonite in El Paso ore.

It occurs

primarily as inclusions in sphalerite which in turn
forms sea islands in tetrahedrite (Fig. 22).

It does not

occur in sphalerite grains which are unreplaced by
tetrahedrite.
Molybdenite occurs very rarely and where present is
associated with pyrite.

Pyrite is often brecciated and

veined by quartz (Fig. 23).

Occasional grains of light

colored sphalerite and pyrite are elongated parallel to
cleavage planes of a silicate mineral, probably
roscoelite, as shown in Figure 24.

These sulfide

minerals may have formed by assimilation of the iron from
mafic minerals as they were undergoing hydrothermal
alteration to roscoelite.
3.

Discussion.

Field and laboratory examination of

vein minerals from the El Paso mine give some evidence
for the three periods of mineral deposition indicated by
earlier writers.

Sections of vein material sawed normal

to the veins tend to show a sequence of deposition begin
ning with adularia, and followed by sphalerite, quartz,
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Figure 22.

Photomicrograph showing tiny enargite (light
gray) grains contained in sphalerite (medium
gray) which in turn has been replaced by
tetrahedrite (very light gray). Several
small grains of chalcopyrite (bright yellow)
are present in the left central portion of
the photomicrograph. Level 2 , El Paso vein.
650X.
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Figure 23.

Brecciated pyrite grains veined by quartz.
Level 5, Tillery vein.
1100X.
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Figure 24.

Photomicrograph showing elongated grains of
sphalerite (medium gray) developed along
cleavage planes in a platy mineral, probably
roscoelite.
Several grains of pyrite are also
present in the figure.
Level 2. El Paso vein.
650X.
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and other sulfides which fill interstices between
adularia crystals, barite, massive fluorite which grades
into small euhedral cubes and a later generation of
quartz.

Deposition of the tellurides probably occurred

last, as indicated by the observation that they occur in
vugs on top of quartz druse.

Occasional small crystals

of quartz are situated on top of telluride crystals.
Some small microscopic sylvanite grains were observed
sparsely disseminated through the massive fluorite vein
found on level 9.

These may represent contemporaneous

deposition with the massive fluorite, which contains
intergrowths of fine grained quartz and apparently
belongs to the first stage of mineralization.

Alterna

tively they may fill tiny fractures in the massive
fluorite, but no linear arrangement of sylvanite grains
was observed in polished sections as might be expected
if they were filling small fractures.
Two different varieties of sphalerite apparently
were deposited in the veins of the El Paso mine.

One

variety is black in color, locally exhibits emulsion
texture with chalcopyrite and usually lacks internal
reflections.

The second variety occurs as disseminated

spongy grains, exhibits abundant white to yellow internal
reflections, and lacks emulsion chalcopyrite blebs.

The

writer believes these contrasting features to indicate
that these two sphalerites represent separate
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generations of sphalerite deposition, and that the lighter
one was deposited at a time when the temperature of ore
fluid was lower than that during the deposition of the
dark sphalerite.

The fact that the lighter generation

of sphalerite occurs disseminated throughout massive
fluorite and is present between cleavage planes in
roscoelite also supports this interpretation.
C.

FLUID i n c l u s i o n g e o t h e r m o m e t r y s t u d i e s
1.

Introduction.

Fluid inclusions are small

quantities of solution which have been trapped inside a
mineral due to irregularities in growth during crystal
lization.

These fluid inclusions are believed to be

minute samples of the solutions which surrounded and
formed the enclosing minerals.

For ore deposits and

gangue minerals they constitute the only known samples of
ore fluids (Roedder, 1965).

Fluid inclusions commonly

will contain daughter minerals of sodium chloride,
potassium chloride, or other salts which have precipi
tated after entrapment.

They may also contain other

immiscible substances such as petroleum, liquid carbon
dioxide, hydrogen sulfide, or vapor bubbles.

Vapor

bubbles formed by separation of a gas (usually carbon
dioxide) from the liquid due to their immiscibilities
upon cooling, or by simple shrinkage of the fluid upon
cooling, leaving a vacuum inside the bubble.
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There are three basic types of fluid inclusions.
Primary inclusions are formed by entrapment of liquid
upon an irregularly growing surface.

Inclusions of this

type will be located along the faces or growth planes
of the enclosing crystal.

These can often be readily

identified by their location along color zones of a
crystal.

Large solitary inclusions with no apparent

crystallographic orientation are probably primary in
origin, since healing of a fracture to form a single
large inclusion seems unlikely.
Secondary inclusions were formed after crystalliza
tion of the enclosing mineral and they contain trapped
samples of fluid present subsequent to crystal growth.
These inclusions formed along fractures which filled with
the surrounding solution and healed.

They most likely

do not contain the original solution and may be of a
composition occurring millions of years after the
enclosing crystal grew.

Secondary inclusions are

usually distributed along cleavage planes of a mineral.
Pseudosecondary inclusions form in a manner similar
to secondary inclusions; however, they occur in fractures
that open and healed during crystal growth.

They

therefore contain solutions which were present during
growth of the enclosing crystal (Roedder, 1967).
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There is no correlation between the origin of an
inclusion and its morphology.

Negative crystal sites and

the presence of euhedral crystals projecting into vugs
do not define the primary or secondary nature of an
inclusion (Roedder, 1965, 1972).
Sufficient heating of fluid inclusions will cause
the liquid phase to expand and the vapor bubble to
diminish in size.

The temperature at which the vapor

bubble first disappears is called the homogenization
temperature and is considered to be the lowest tempera
ture at which the enclosing mineral formed.

In most

cases a few degrees must be added to the homogenization
temperature to correct for greater pressures at depth
during formation.

Primary and pseudosecondary inclusions

provide accurate geothermometers because they formed
during crystal growth.

Secondary inclusions can give

quite variable results, thus are not useful for geo
thermometry studies.

Leakage of inclusions will give

higher temperatures of homogenization than those with no
flaws.
Inclusions which show a necking down phenomenon
due to recrystallization of the enclosing mineral are not
useful for geothermometry studies.

Gas bubbles may,

upon closure of such a neck, migrate to only one inclu
sion and daughter minerals may be closed off, therefore
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affecting those parameters, such as density and salinity,
which control the homogenization temperature.
2.

Purpose.

Fluid inclusion geothermometry studies

were undertaken for the El Paso ores primarily to deter
mine the temperature of deposition of the ore minerals.
Certain mineralogical and textural phenomena observed by
reflective microscopy of the ores indicate higher
temperatures than those normally assigned to the epi
thermal class of ore deposits.
The presence of molybdenite in the ores as well as
emulsion texture of chalcopyrite in sphalerite are more
common in deposits of a higher temperature of formation.
However, emulsion textures of chalcopyrite and sphalerite
have been reported from veins associated with volcanic
sequences (Ramdohr, 1969) and from other gold silver
telluride deposits (Kelly and Goddard, 1969).

One and

possibly two generations of sphalerite from the El Paso
mine are black in color, probably due to a high iron
content, providing further indication of rather high
temperatures, but again exceptions have been noted.
Fluid inclusion studies were also conducted to
observe the types of inclusions present, their relative
abundances, and to determine if fluctuations in tempera
ture had occurred during mineral deposition.

Sections

of quartz, fluorite, barite, and sphalerite were pre
pared for heating stage study.
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3.

Procedure.

Crystals of sphalerite, quartz,

fluorite, and barite to be used for heating were selected
for their large size and good clarity.

The samples were

cut and trimmed to a more manageable size using diamond
saws.

Final cutting of the specimens into slabs 2 mm to

4 mm thick was performed with a South Bay Technology wire
saw.

This permitted orientation of the specimen to the

most desirable direction and allowed for excellent pre
cision in cutting.
The sections were then mounted on 27 mm by 46 mm
glass slides using Lakeside 70 resin and ground to the
desired thickness using a Ward-Ingram model 204 thin
section grinder.

The most desirable thickness was that

which permitted sufficient light to pass through the
section and allowed for the maximum depth of focus.
Polishing of the section surfaces was done by hand
using successive stages of 15, 6, and 1 micron diamond
abrasive impregnated silk cloths mounted on steel lap
plates.

An ultrasonic cleaner was used to clean the

sections after each grinding step to prevent contamina
tion of the cloths.

The sections were then removed from

the resin and the opposite sides were polished in the
same manner.
The finished sections were then mounted on 20 mm by
20 mm glass slides using Duco cement.

During the course

of heating the sections, it was noted that at high
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temperatures Duco cement darkens considerably, greatly
obstructing the passage of light.

For high temperature

work a more suitable adhesive should be used.
Due to the high iron content of the sphalerite, the
sphalerite sections were too dark to permit passage of
light even after subsequent grinding to less than 0.5 mm
in thickness.

It was also noted that, due to its brittle

nature and type of fracture, the quartz sections were
extremely difficult to polish and even grinding on one
micron diamond abrasive resulted in frosted crystal
surfaces.

Those sections of quartz suitably polished

were found upon microscopic examination to contain no
fluid inclusions, although inclusions have been reported
to be abundant in some Cripple Creek quartz by Lindgren
and Ransome (1906).

For these reasons, fluid inclusion

temperatures were not determined for quartz and
sphalerite.
Heating of the sections was done with a Leitz model
350 heating stage.

The unit consists of an outer ring

containing attachments for current, water flow, and a
thermometer, and an inner cell containing a resistance
heater, cooling chamber, and thermometer housing.
The specimens are placed in an object clamp which
lies on top of the heating cell and can be moved along
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two coordinants by means of an object guide.

The heating

cell is connected to a current and voltage regulating
transformer.
The samples are placed in the object clamp and a
suitable fluid inclusion is chosen.

The temperature of

the heating cell is slowly elevated until the vapor
bubble disappears.

At bubble disappearance the tempera

ture is read by means of a set of thermometers which are
successively inserted into the heating cell.

This

temperature is then recorded, the current cut off, and
the temperature lowered until the vapor bubble reappears.
This operation can be repeated as often as is necessary,
and the easy redetermination of homogenization tempera
ture is an important feature of this equipment.

The

temperature at which the bubble disappears is called the
homogenization temperature and is the lowest temperature
at which the enclosing mineral formed.
Heating of the fluid inclusions was repeated at
least twice unless rupturing of an inclusion occurred.
The morphology of each inclusion was noted also in order
to relate homogenization temperature to primary or
secondary inclusions.
4.

Results.

Homogenization temperatures were

determined for 17 fluid inclusions in barite and for 12
inclusions in fluorite from the El Paso mine.

Tempera

ture extremes for barite range from a low of 162°C to a
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high of 266°C.

The range for temperatures in fluorite

is 168°C to 203°C.

Only data was recorded or considered

for those inclusions in which the vapor bubble reappeared
upon cooling.

Failure of a vapor bubble to return or a

sudden change in the size of a bubble indicated that the
inclusion wall ruptured or was cracked.
The reproducibility of results for fluorite were
fairly consistent.

Homogenization temperatures of

inclusions, upon heating a second time, fell within five
degrees centigrade of the temperature recorded for the
first measurement.

Most of the fluorite crystals show

concentric growth bands.

They are light purple or even

clear in their centers and become a darker purple near
the edges.
No zonation or outward progression of homogenization
temperatures could be detected for individual fluorite
crystals, indicating that no change in hydrothermal fluid
temperatures occurred during fluorite deposition.

Homo

genization temperatures in fluorite were measured for
both primary and secondary inclusions.

Temperatures

measured for most secondary inclusions were within the
range of temperatures determined for primary inclusions.
For some fluorite crystals the secondary inclusion filling
temperatures were slightly less than temperatures obtained
from primary inclusions in the same fluorite crystal.
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Fluid inclusions in fluorite exhibit a variety of
forms.

Most are rounded or occupy subhedral negative

crystals.

Some are thin and quite elongated, whereas a

few are quite irregular in outline.

Fluid inclusions in

fluorite are quite prolific; however, they tend to be
small.

Vapor bubbles in most inclusions are quite large

relative to inclusion size, most occupying up to 20% of
the volume of the inclusion

(Fig. 25).

No daughter

crystals were observed.
Fluid inclusions are not as prolific in El Paso
barite as they are in fluorite.

Most inclusions observed

in barite are secondary, and primary inclusions are found
only after considerable searching.

Secondary inclusions

are located along obvious cleavage planes and are usually
elongated parallel to those planes.

Inclusions of this

type in barite frequently occur in numbers.

Primary

inclusions in barite are usually solitary, i.e. there may
be no others located nearby, as shown in Figure 26.
Frequently inclusions show a "pinched" effect, which,
however, is not a "necking down" effect.

Some necking

down of inclusions was noted such as that shown in Figure
27.

Daughter crystals of sodium chloride were observed

in a few primary inclusions.

Temperatures determined for

different zones of single barite crystals indicate no
detectible zonation of temperature of formation.

This
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Figure 25.

Photomicrograph showing a primary inclusion
in fluorite (upper center, rectangular out
line) . Concentric dark growth rings parallel
to the sides of the inclusion verify its
primary origin.
Other round inclusions are
probably primary, too, for they give filling
temperatures like the first inclusion.
800X.
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Figure 26.

Photomicrograph showing a large primary
inclusion in barite. Note the large bubble.
The dark line at the upper right is a
cleavage plane.
Striations on negative
crystal faces can be observed at the top of
the inclusion wall. 400X.
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Figure 27.

Photomicrograph showing a secondary inclusion
in barite. The inclusion is elongated
parallel to a cleavage plane which runs
diagonally from upper right to lower left.
Necking down of the inclusion can be seen at
the upper part of the triangular portion
containing the vapor bubble. Other small
inclusions are primary.
1100X.
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indicates that temperatures during growth of these
crystals had remained relatively constant, as was deter
mined for fluorite crystals.
Heating of inclusions in barite at least twice
generally gave fairly constant results.

Most homogeniza

tion temperatures fell within six degrees centigrade or
less of the first measurement upon heating a second time.
Only a few inclusions which apparently fractured did not
give reproducible results.

Complete data determined for fluid inclusion studies
in both fluorite and barite is listed in Figure 28.

A

temperature correction to account for the pressures at
depth during crystal growth must be added to the
homogenization temperature.

Considerable erosion has

most likely taken place at Cripple Creek since the for
mation of the volcanic center and, therefore, estimates
of depth could be open to modification.

Corrections

applicable to the data in Figure 28 are for a pressure of
240 bars or a depth of 3,000 feet, maximum figures given
for epithermal deposits by Ridge (1972).

Temperature

corrections for pressure were read off graphs provided
by Kennedy (1950).
The maximum temperature correction for pressure
needed for the results obtained in this thesis increases
the homogenization temperatures by 12°C.

It must be

emphasized that this figure probably approaches the
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Figure 28.

Plot of homogenization temperatures for fluid
inclusions in fluorite and barite from the El
Paso mine. Lines connect repeated measure
ments on the same inclusion.
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maximum correction necessary.

As the true depth of

emplacement is not known, it may be considerably less,
hence the correction will be less, possibly even negligi
ble.

Therefore, the data will appear herein as

uncorrected.
Homogenization temperatures determined for fluorite
are fairly constant within a narrow range between 178°C
and 190°C.

Only two inclusions gave homogenization

temperatures between 168°C and 169°C, lower than the
average, and only a single inclusion yielded a homogeni
zation temperature of 203°C.

This higher temperature

is believed to be due to a fracture in the inclusion
wall as the vapor bubble did not return upon cooling.
Homogenization temperatures determined for barite
fell within two distinct ranges.
162°C to 181°C.

The lower range is from

The upper range is from 248°C to 261°C.

The only measurements falling within the intervening
range from 183°C to 213°C were not reproducible, and
these inclusions may have had minute cracks along their
walls.

Inclusions of the upper range differed somewhat

in morphology from those of the lower range.

Inclusions

yielding lower temperatures were clearly secondary
inclusions and those of the upper temperature range were
primary or pseudosecondary.
These temperatures conform to those determined for
epithermal deposits elsewhere.

Since thin sections
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clearly show that fluorite is deposited on top of barite,
the temperature of the ore solutions had declined during
the deposition of these two minerals.

The secondary

inclusion temperatures in the barite are slightly lower
than those of fluorite and indicate that healing of those
fractures occurred during or shortly after deposition of
fluorite.

Minerals deposited prior to and after the

deposition of barite and fluorite may well have occurred
at temperatures both above and below that of barite and
fluorite.
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VI.

CONCLUSIONS

The El Paso mine is located southwest of the main
Cripple Creek volcanic center and is situated entirely
within the Pike's Peak granite.

The veins in the El Paso

mine, with the exception of one, are located along shears
in the El Paso shear zone.

This shear zone developed

during the Laramide orogeny and follows the intrusive
contact of the Cripple Creek and Pike's Peak granites.
The one exception to the above is the C.K.&N. vein which
is a tension fracture rather than a shear and intersects
the other veins at about a 45° angle.

The El Paso mine

exhibits a number of exposures of phonolite sills, dikes,
and other irregular bodies, many of which are clearly
offshoots from the Beacon Hill phonolite plug.

Emplace

ment of the Beacon Hill phonolite plug as well as many
of the phonolite structures in the El Paso mine was
controlled by the El Paso shear zone.
The localization of ore in the El Paso mine is con
trolled by the intersections of veins with phonolite
bodies,

junctions of veins,

and changes in dip or strike

of veins.

The primary ore minerals mined are the gold tellurides, particularly calaverite and sylvanite.

Other

minerals accompanying the tellurides but not mined for
their metal content are sphalerite, galena, tetrahedrite,
bournonite, tennantite, and minor amounts of enargite and
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covellite.
mineral.

Pyrite is the most common sulfide gangue
Emulsion textures between chalcopyrite and

sphalerite and between bournonite and galena are present
as well as several replacement textures.
Fluid inclusion homogenization temperatures measured
for fluorite give homogenization temperatures of 178°C to
190°C and 248°C to 261°C for barite.

Vein textures indi

cate deposition of fluorite after barite indicating a
decrease in temperature during deposition of these
minerals.
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